Exposure to ultraviolet light, especially UVB wavelengths, can impair immune responses in animals and humans. It is remarkable that this immunomodulation is not restricted to the exposed skin but is also found at other sites, i.e. systemic (distant) immunosuppression. A frequently proposed hypothesis is that UVB exposure inhibits, specifically, T helper 1 (Th1)-mediated immune responses. The major reason for this is that contact hypersensitivity (CHS ) and delayedtype hypersensitivity (DTH ), both Th1-mediated immune responses, are very sensitive to UVB. For this reason these models are frequently used for photoimmunology studies. In the present study, the effects of UVB exposure were investigated in classical models for Th1-mediated immunity, i.e. CHS models in which picrylchloride or oxazolone were used as low-molecularweight chemical antigens. In these models, CHS responsiveness and cytokines were measured, the latter by both reverse transcription-polymerase chain reaction (RT-PCR) and enzyme-linked immunosorbent assay (ELISA). The CHS responses to both contact sensitizers (picrylchloride and oxazolone) were suppressed significantly by pre-exposure to repeated suberythemal UVB exposure. Interferon-c (IFN-c), interleukin (IL)-12 and IL-4, but not IL-10, were detectable in spleen and draining lymph nodes of sensitized BALB/c mice. Repeated UVB exposure prior to sensitization at a distant locus inhibited both IFN-c and IL-12 but not IL-4. In BALB/c mice sensitized with ovalbumin (OVA) in the absence of complete Freund's adjuvant, a model for Th2-mediated immunity, OVA-specific serum IgE and cytokine profiles in the spleen were analysed. Sensitization did lead to a significant increase in OVA-specific IgE serum titres. Pre-exposure to UVB resulted in a decreased OVA-specific IgE serum titre. Both RT-PCR and ELISA showed increased levels of IFN-c, IL-4 and IL-10 in the spleens of OVA-sensitized mice. The production of IFN-c and IL-4 was not affected by UVB pre-exposure. In contrast, the production of IL-10 was significantly increased. This was probably caused by an up-regulation of Th2 cells. It is remarkable that IFN-c is significantly suppressed by UVB in Th1-mediated immune reactions but not in Th2-mediated immune reactions where it even appears to increase. IL-10, which is up-regulated by UVB pre-exposure and produced by, among others, Th2 cells, may represent a shift from Th1-to Th2-mediated immune mechanisms. However, IL-10 can also inhibit Th2 responses, which might be the reason for a decreased IgE titre in the Th2 model. From the results of this study it is concluded that UVB exposure prior to sensitization/immunization not only inhibits Th1-mediated but also Th2-mediated immune responses.
INTRODUCTION
deleterious effects are sunburn, tumours of the skin and ocular damage. Over the last two decades it has become clear that Besides the beneficial effects of ultraviolet light ( UV ) exposure, UVB exposure (280-320 nm) can also impair specific and nonsuch as vitamin D production, it is known that UV exposure specific immune responses.1 In several studies it has been can lead to adverse effects on human health. The best known shown that UVB-induced immunomodulation plays at least a partial role in photocarcinogenesis.2 In addition, it has been penetrate beyond the first few cell layers of the epidermis, MATERIALS AND METHODS UVB-induced immunosuppression is likely to be mediated by Mice these exposed cells or their products or photoactive factors Spf BALB/c (male) mice, 6-8 weeks of age, were obtained present in the superficial layers. Both DNA damage and from the breeding colony at the National Institute of Public photoisomerization of urocanic acid (present in the stratum Health and the Environment, Bilthoven, the Netherlands. The corneum) seem to play a crucial role in the induction of mice were housed in macrolon cages with unlimited access to immunosuppression.10,11 In both mechanisms, many cytokines, standard mouse chow and tap water. Each experimental group such as interleukin (IL)-10 and tumour necrosis factor-a consisted of at least six mice. (TNF-a) seem to be involved.12-14 IL-4 knockout mice and their normal littermates (Bb129) Urocanic acid, which is isomerized from the trans to cis were kindly supplied by Hoffmann-La Roche (Basel, form by UVB exposure of the skin, can be detected systemically Switzerland ). in blood and urine after UVB exposure, indicating that urocanic acid might be involved in the systemic effects of Reagents UVB.15,16 Cells with DNA damage can migrate from the skin Picryl chloride (PCl ) was used as a contact sensitizer to other sites in the body and products released by exposed (Chemotronix, Swannanoa, NC ) and was recrystallized three epidermal cells can be transported through the body by the times from methanol/H 2 O before use and protected from light circulation, all of which may contribute to systemic immunoduring storage at 4°. Oxazolone was purchased from Aldrich suppressive effects.17 Several inflammatory mediators (includChemical Co. Inc. (St. Paul, Milwaukee, WI ) and OVA was ing prostaglandins, NO and cytokines) and neuropeptides purchased from Sigma Chemical Co. (St. Louis, MO). seem to play a crucial role in the induction of UVB-induced immunosuppression.12,18 Many studies have been aimed at the UV irradiation detection of these mediators in exposed versus non-exposed
The UV source was a Kromayer UV lamp (Hanovia Ltd, skin. Only a few studies investigating altered cytokine patterns Slough, Berks, UK ) that was equipped with a Schott WG 305 in spleen or lymph nodes have been published.19 Most of these filter. This lamp had an irradiance of 140 (J/m2)/second in the studies were restricted to local immunosuppression, i.e. sensit-UV range (output: 3% UVC; 45% UVB; 52% UVA), as measured ization through UVB-exposed skin. There is little information by a Kipp E11 thermopile. The methods of exposure and on cytokine levels and/or profiles in lymph nodes and spleen dosimetry are extensively described by Goettsch et al. 23 After in animals that were exposed to UVB at a distant locus dorsal hair was removed with electrical clippers, two circular (systemic effects).
areas (6·3 cm2 in total ) on the backs of the mice were irradiated, Because cytokines are crucial in the regulation of immune and the ears were protected from exposure. Mice were irradiated responses, the effects of UVB exposure on cytokine production for 16 seconds on the shaved backs on four consecutive days are of interest. Based on their cytokine profiles, T helper (Th) starting at the age of 6 weeks. The last UV exposure was cells can be subdivided into at least two major subsets of Th 4 days prior to the abdominal skin sensitization. The dose of effector-cell populations. The T helper 1 (Th1) subpopulation UV received by the mice was 2·2 kJ/m2 at each exposure, a dose produces IL-2 and interferon-c (IFN-c). In contrast, T helper that was suberythemal for this species. Control mice were treated 2 (Th2) cells produce IL-4, IL-5, IL-6 and IL-10.20 The similarly but were not exposed to UV irradiation.23,24 majority of studies dealing with immunomodulation by UVB have so far indicated that Th1-mediated immune responses, in Sensitization particular, are sensitive to UVB exposure. 21, 22 The effects of Picryl chloride The mice were skin sensitized 4 days after UVB exposure on Th2-mediated immune responses have the last day of (sham) irradiation by topical application of received limited study and the few results available are some-150 ml of 5% PCl in ethanol/acetone (351) to the non-UVwhat contradictory. In 1989, Araneo et al. demonstrated that irradiated shaved abdomen, chest and four feet. Control mice UV exposure reduced the production of IL-2 and IFN-c. 21 were sham sensitized by topical application of 150 ml of The production of the Th2 cytokines, IL-4, IL-5 and IL-10, ethanol/acetone (351). was increased. Their conclusion was that Th2 responses are Oxazolone The mice were skin sensitized 4 days after the promoted by UVB exposure, leading to suppression of last day of (sham) irradiation by topical application of 150 ml Th1-mediated immune responses.21 This is in contrast to our of 3% oxazolone in ethanol/acetone (351) to the non-UVearlier study in which we demonstrated that UVB exposure irradiated shaved abdomen, chest and four feet. Control mice prior to oral infection with Trichinella spiralis did lead to were sham sensitized by topical application of 150 ml of lowered IgE titres. 7, 8 ethanol/acetone (351). In the present study, classical models for Th1-dominated Ovalbumin Four days after the last (sham) irradiation the immune responses, i.e. contact hypersensitivity (CHS) to conmice were sensitized on alternate days by intraperitoneal (i.p.) tact allergens, and a model in which Th2 cells play a predomiinjection of 10 mg OVA, in 0·5 ml pyrogen-free saline, for nant role, i.e. ovalbumin (OVA) sensitization in the absence 13 days. Four weeks after the last i.p. injection the mice were of adjuvant, were used in order to investigate the effects of exposed to eight OVA (2 mg/ml ) aerosols, on consecutive UVB exposure at a locus distant from the sensitization site.
days (one aerosol per day). The aerosol was generated using Cytokines released by lymphocytes (spleen and lymph nodes) an ultrasonic nebulizer (Medix 8001, particle size 305 mm; were analysed by reverse transcription-polymerase chain reacHoek Loos, Schiedam, the Netherlands) connected to a tion (RT-PCR) and enzyme-linked immunosorbent assay Plexiglas exposure chamber of 5 l (Hoek Loos). The animals were exposed for 5 min each time.25 ( ELISA).
Measurement of CHS responses
used as a standard. Standard as well as serial dilutions of culture supernatant were added to the plate. Plates were Four days after sensitization, both ears of the mice were challenged by topical application of one drop (27-gauge needle) incubated at 37°for 2 hr and washed. Biotinylated antimouse IFN-c (0·05 mg/ml; XMG1.2, rat IgG1; Pharmingen) was of 0·8% PCl in olive oil or 10 ml 0·8% oxazolone in ethanol/ acetone (351). Prior to challenge, and 24 hr after challenge, added and incubated for 1 hr at room temperature (RT ). The plates were washed and poly horseradish peroxidase-labelled duplicate measurements of ear thickness were made using an engineer's micrometer (Mitutoyo digimatic 293561, streptavidin (10 000-fold dilution; Strepta-E+, Central Laboratory of the Blood Transfusion Service, Amsterdam, the Veenendaal, the Netherlands). In each experiment, the increase in ear thickness in similarly challenged, non-sensitized, control Netherlands) was added and incubated for 1 hr at RT. Plates were washed again and tetra methyl benzidine (TMB) mice was measured at the same time, and subtracted from increments in ear thickness in sensitized test animals (net ear 0·1 mg/ml (Sigma) plus 0·006% H 2 O 2 in 0·1  NaAc, pH 5·5, was added. TMB incubation time was 10 min for IFN-c and swelling).
20 min for the other cytokines (IL-4, IL-10 and IL-12). The plates were read at 450 nm. Cytokine analyses Draining lymph nodes (inguinal and axillary) and spleens were For IL-4, a similar protocol was used, with 0·5 mg/ml antimouse IL-4 (11B11, rat IgG1; Pharmingen) for coating, obtained under sterile conditions from the mice and suspended in complete RPMI medium: 10% fetal calf serum (FCS), 100 recombinant mouse IL-4 (Peprotech) as a standard and 0·5 mg/ml biotinylated antimouse IL-4 (BVD6-24G2, rat IgG1; IU/ml penicillin, 100 mg/ml streptomycin and 0·05 mg/ml 2-mercaptoethanol (2-ME) (Life Technologies, Paisley, Pharmingen) for detection. Antibodies, standards, samples and streptavidin were diluted in 0·5% BSA plus 0·05% Tween-20, Strathclyde, UK ). In the OVA model only spleens were obtained from the mice. Single cell suspensions were prepared in PBS. For IL-10 and IL-12, commercial ELISA kits from by pressing the organs through a sterile cell strainer. The cells were washed once (300 g, 10 min, 4°) and resuspended in Biosource International were used according to the manufacturer's instructions. In the ELISA for IL-12, both p70 and complete RPMI medium. The isolated lymphocytes were cultured in 6-or 24-well culture plates for 24 hr with the conjugate p40 subunits were detected. oxazolone-bovine serum albumin (BSA) (500 mg/ml in complete RPMI medium), concanavalin A (Con A; Janssen RNA isolation Total RNA was isolated using RNAzol-B (Campro Scientific, Chimica, Beerse, Belgium; 5 mg/ml in complete RPMI medium) or control complete RPMI medium at 37°and 5% CO 2 . Veenendaal, the Netherlands) according to the manufacturer's protocol. Briefly, cell pellets were treated with 1·2 ml of Oxazolone-BSA was prepared according to the protocol published by Thomson et al.26 RNAzol-B under gentle pipetting. RNA was precipitated in 100% ethanol and washed with 75% ethanol. The RNA was After culture, the cell suspensions were pelleted (300 g, 10 min, 4°). The supernatants were pipetted off and the cells air dried and resuspended in 20 ml of Molecular Grade Biology water (5 prime 3 prime, Inc., Boulder, CO). The RNA conwere immediately frozen at −70°. Both supernatants and cells were stored at −70°until analysis. centration was measured spectrophotometrically at 260 nm. RNA was subjected to electrophoresis on a 1% agarose gel and visualized by ethidium bromide staining. RNA was used IL-4 bioassay IL-4 was measured using the IL-4-sensitive cell line CT.4S in for cDNA synthesis only when both 28 S rRNA and 18 S rRNA bands were intact. Samples were stored at −70°until a bioassay. Cells were seeded at 5×103 cells/well in 96-well flat-bottom culture plates and incubated for 48 hr, in duplicate, use. with 200 ml of the undiluted samples and three sample dilutions (0·5, 0·25 and 0·125) at 37°in an atmosphere of 5% CO 2 . cDNA synthesis Total RNA (1·5 mg) was reverse transcribed using the Reverse Approximately 20 hr before harvesting, the cells were labelled with [3H ]thymidine (Amersham, Little Chalfont, Bucks, UK;
Transcription System (Promega, Leiden, the Netherlands). Briefly, 10·5 ml of water containing 1·5 mg RNA was mixed 1 mCi/well ). After harvesting, the radioactivity was counted. Recombinant murine IL-4 (Peprotech, Rocky Hill, NJ ) was with 0·5 ml of oligo(dT ) primer (500 mg/ml ) and incubated for 10 min at 70°. Samples were then incubated at 4°for 5 min. used at different concentrations in order to prepare the standard dose-response curve (cell growth versus IL-4 concenTo the mixture, 4 ml of MgCl 2 (25 m), 2 ml of 10*RT buffer, 2 ml of dNTPs (10 m each), 0·5 ml of RNasin (50 U/ml ) and tration; see reference 27).
0·5 ml of avian myeloblastosis virus (AMV ) RT (30 U/ml ) was added and incubated at 42°for 1 hr. As a control for contami-
ELISAs for IFN-c, IL-4, IL-10 and IL-12
Cytokine concentrations were determined by ELISA. Briefly, nation of RNA with genomic DNA, cDNA was prepared without adding AMV RT. The reaction was stopped by for IFN-c, 96-well plates (NUNC-Immuno Plate, Roskilde, Denmark) were coated with 1 mg/ml antimouse IFN-c heating the samples for 5 min at 72°. Samples were stored at −20°until use. (R4-6 A2, rat IgG1; Pharmingen, San Diego, CA) in coating buffer (0·04  carbonate buffer, pH 9·6). After overnight incubation at 4°, the plates were incubated in blocking buffer (1% Polymerase chain reaction The PCR mixture contained 5 mg/ml of 5∞ primer, 5 mg/ml of BSA; Sigma, Axel, the Netherlands) plus 0·05% Tween-20 (Merck, Amsterdam, the Netherlands) in phosphate-buffered 3∞ primer, 1·5 m MgCl PCR products were electrophoresed on a 2% agarose gel and visualized by ethidium bromide staining. The intensities of the PCR products were quantified using a Gel Doc 1000 (Bio-Rad, Veenendaal, the Netherlands) and Molecular in vitro with antigen or Con A is necessary for the detection of these cytokines. The up-regulation of both cytokines was Analyst software (Bio-Rad), and expressed as optical units. The data presented are from using 2 ml of cDNA, and 33 more pronounced in cell cultures from draining LN as compared to spleen cell cultures. Pre-exposure to UVB of the (HPRT ) and 36 (cytokines) cycles. Data are presented as ratio between the number of optical units for each of the shaved back skin (prior to skin sensitization at a distant locus, i.e. the abdominal skin) resulted in a suppressed up-regulation cytokines and HPRT.
of IFN-c production by spleen cells and LN cells. This suppression was more profound in the LN cell cultures. IL-4 Measurement of OVA-specific IgE OVA-specific IgE was measured using a sandwich ELISA as production was not suppressed by UVB pre-exposure. The effects found were almost similar in Con A versus antigen originally described by Van Halteren et al. 28 Serum from multiple OVA-immunized mice was used as standard and culture supernatants although in the Con A supernatants of spleen cell cultures the suppression of IFN-c production by arbitrarily set at 1000 optical units ( U )/ml. Optical densities were read at 490 nm and converted to U/ml, after linear UVB exposure was not found. Besides cytokine analysis at the protein level, mRNA regression, using the standard.
analysis was performed using the same cell cultures ( Table 2) . Again, sensitization induced IFN-c and IL-4 mRNA Statistical analysis Levels of significance were calculated using the two-tailed expression. UVB pre-exposure suppressed the IFN-c mRNA expression significantly. The IL-4 mRNA expression in spleen Student's t-test; P<0·05 was taken as a significant difference between different groups. Each group consisted of at least six cells was suppressed by pre-exposure to UVB, in contrast to the protein IL-4 level. mice and each experiment was repeated at least twice.
RESULTS

Cytokine levels in the PCl CHS model (Th1)
In a second series of CHS experiments, the effect of pre-UV exposure significantly affected CHS to oxazolone and PCl because suberythemal doses prior to sensitization, at a distant exposure to UVB was tested in the PCl CHS model. IL-10 and IL-12 levels were determined in these experiments in locus, inhibited the CHS response by 70-80% (Fig. 1) .
addition to those of IFN-c and IL-4 (Table 3) . IL-10 was not detectable in any of the culture supernatants. Cytokine levels in the oxazolone CHS model (Th1)
IL-12 was increased in the supernatants of LN cell cultures of sensitized animals whereas in spleen cell cultures this was not The Th1 cytokine IFN-c and the Th2 cytokine IL-4 were detected in culture supernatants using an ELISA and a bioasthe case. As found in the oxazolone model, in spleen cell cultures as well as LN cell cultures both IFN-c and IL-4 say, respectively. Sensitization with oxazolone induced production of both cytokines (Table 1) . This was the case for production was increased in sensitized animals. In animals that were exposed to UVB without sensitization, cytokine spleen cells as well as for draining lymph node (LN ) cells. In supernatants from cells that were cultured without antigen or levels/patterns were similar to non-sensitized, non-irradiated control mice. Con A, no IFN-c or IL-4 was detectable. Thus, restimulation Interferon-c (IFN-c) was determined using an enzyme-linked immunosorbent assay ( ELISA) and interleukin-4 (IL-4) was determined using a bioassay.
* and †, significantly increased compared with non-sensitized mice (P<0·05 and P<0·01). ‡ and §, significantly decreased compared with sensitized mice (P<0·05 and P<0·01). Table 2 . Cytokine mRNA levels in cultured spleen cells from non-sensitized, oxazolone sensitized, and oxazolone sensitized and UVB pre-exposed mice
Cells were cultured with oxazolone coupled to bovine serum albumin (OX-BSA) or concanavalin A (Con A) and data are shown as the ratio of optical units from interferon-c (IFN-c) or interleukin-4 (IL-4) and hypoxanthine phosphoribosyl transferase (HPRT ).
*Significantly increased compared with non-sensitized mice (P<0·05). †Significantly decreased compared with sensitized mice (P<0·05). ND, not detectable. The SE is indicated within brackets. Cells were cultured with concanavalin A (Con A) and data are shown as pg/ml (SE ). All cytokine levels were determined using an enzyme-linked immunosorbent assay ( ELISA).
*Significantly increased compared with non-sensitized mice (P<0·05). †Significantly decreased compared with sensitized mice (P<0·05). ND, not detectable.
Pre-exposure to UVB inhibited the production of IFN-c, results, i.e. increased mRNA expression of IFN-c, IL-12 and IL-4 after sensitization, and reduced mRNA expression of especially in the spleen cell cultures. IL-4 production was, however, not affected. In LN cell cultures the IL-12 induction some cytokines after UVB exposure. IL-10 mRNA was not detectable (results not shown). was significantly suppressed. RT-PCR analysis showed similar Because in both models for CHS IL-4 was found to be Cytokine levels in non-sensitized UVB-exposed animals were similar to non-sensitized, non-irradiated control mice. increased in the supernatants of cell cultures from sensitized mice, the role of IL-4 in CHS was tested using IL-4 knockout Thus, sensitization was required for the effects to occur. In other words no non-specific effect on cytokine production was mice versus control littermates. In these experiments it was shown that IL-4 is necessary for CHS to PCl (Fig. 2) .
induced by UVB exposure alone.
Cytokine levels in OVA-induced hypersensitivity (Th2) DISCUSSION
OVA-specific IgE was detectable only in sensitized mice, UVB radiation, even suberythemal doses, can modulate the ranging between 200 and 500 arbitrary units (mean: 340±105).
immune system significantly in animals and humans. The For this reason, the OVA model used in this study reflects a UVB-induced immunomodulation in the skin might be a Th2-mediated immune response. UVB pre-exposure supprotective mechanism against certain forms of autoimmune pressed the OVA-specific IgE antibody titres significantly and/or hyperimmune responses in the skin.1,29 Besides this (P<0·05) by #40% to 200-250 optical units (mean: 223±18).
physiological role, the UVB-induced immune effects can also IFN-c, IL-4 and IL-10 production was increased in spleen have deleterious consequences. A few decades ago it was cell cultures from sensitized animals, whereas IL-12 production shown that UVB-induced immunosuppression plays a crucial was not increased and even showed a tendency to decrease role in the process of photocarcinogenesis.2,11 More recently, ( Table 4) . Although delayed-type hypersensitivity (DTH ) several animal studies indicated that UVB exposure can lead responses were not detectable in animals sensitized using the to suppressed immune responses and, as a consequence, to a same protocol as this study, IFN-c production was markedly lowered resistance to certain pathogens. Surprisingly, not only increased. This increase was even stronger than in the Th1 skin-associated infections, such as herpes simplex virus (HSV ), models for CHS described in the present study. UVB preLeishmania and Candida infections, but also infections that exposure failed to affect IFN-c, IL-12 and IL-4 production.
are not skin-associated, such as Trichinella spiralis, Listeria Remarkably, the production of IL-10 was significantly monocytogenes, Mycobacterium bovis and cytomegalovirus increased by UVB pre-exposure.
infections, can be affected significantly by suberythemal UVB exposure.3-9 The DTH response is one of the most frequently studied immune parameters in infection models. It is important to realize, however, that a suppressed DTH response does not always correlate with a suppressed resistance (i.e. a delayed or impaired pathogen clearance). For this reason, conclusions from DTH studies in infection models must be postulated with caution. 30 Most studies monitoring the effects and the mechanisms of UVB-induced immunomodulation use animal models for DTH (the antigen is injected subcutaneously or intradermally) and CHS (the antigen is applied epicutaneously). These models reflect Th1-mediated immune responses and are very sensitive to UVB exposure. Although the immunological consequences sens, non-sensitized; PCl-sens, sensitized. *Significantly increased conIn the present study, two models for Th1-mediated immune tact hypersensitivity response compared with non-sensitized mice (P<0·05).
responses, i.e. CHS to PCl and oxazolone, and a model that Table 4 . Cytokine levels in spleen cell culture supernatants from non-sensitized, ovalbumin sensitized, and ovalbumin sensitized and UVB pre-exposed mice
Cells were cultured with concanavalin A (Con A) and data are shown as pg/ml (SE ). All cytokine levels were determined using an enzyme-linked immunosorbent assay ( ELISA).
*Significantly increased compared with non-sensitized mice (P<0·05). ‡Significantly increased compared with sensitized mice (P<0·05). IFN-c, interferon-c; IL, interleukin; ND, not detectable. is predominantly Th2 dependent, i.e. OVA sensitization, were littermates.32 This indicates that CHS and DTH are different with respect to the cytokines that are involved.33 used in order to analyse the effects of distant UVB exposure Pre-exposure to UVB resulted in a significant suppression prior to sensitization. CHS to both contact sensitizers (PCl of both IFN-c and IL-12 in the PCl CHS model. Both and oxazolone) was significantly suppressed by suberythemal cytokines are important for the induction of Th1-mediated UVB exposure prior to sensitization. This indicates that this immune responses. [34] [35] [36] [37] Similarly to the oxazolone model, IL-4 UVB exposure protocol can inhibit CHS systemically, which was not affected by pre-exposure to UVB. is in agreement with other studies.18,24
In summary, the CHS models used in this study indicate Both models for CHS sensitization resulted in a significant that besides the classical suppression of the skin-swelling increase in IFN-c and IL-4 in cell culture supernatants. In response, the Th1-associated cytokines IFN-c and IL-12 can vitro restimulation with the antigen or a T-cell mitogen (Con be suppressed by suberythemal UVB exposure. Suppression A) proved to be necessary. If these cells were cultured without of IFN-c production was also found by Simon et al. in these stimuli, no cytokines could be detected. UV exposure dinitrofluorobenzene-sensitized and UVB-exposed mice.19 The without sensitization had no effect on cytokine levels. study by Simon et al. was, however, focused on local immunoAlthough oxazolone is a well-known contact sensitizer and suppression, i.e. UVB exposure and sensitization on the same contact sensitizers are inducers of Th1 immune responses, skin locus. Cytokine levels were not affected by UVB exposure production of the Th2 cytokine IL-4 was found. Furthermore, alone (without antigen sensitization) in all studies that were Thomson et al. demonstrated that even in the Th1-prone performed. strain, CBA, IL-4 can be induced by oxazolone sensitization.26
The Th2 cytokine IL-4 was not affected by UVB preIn our study the induction of IL-4 production was more exposure at the protein level, although the mRNA expression pronounced in Con A-stimulated cell cultures than in antigenfor this cytokine was significantly suppressed in the spleen by stimulated cultures. This is probably a result of polyclonal UVB. Whether this decrease leads to reduced protein levels stimulation induced by Con A instead of antigen-specific for IL-4 at later time-points remains to be analysed. It has stimulation induced by oxazolone-BSA. However, in vivo recently been shown that sensitization with the contact allergen oxazalone sensitization was necessary to stimulate IL-4 in Con dinitrochlorobenzene induced IL-4 mRNA expression in the A as well as in antigen cell cultures. In non-sensitized animals, draining LN, whereas induction of IL-4 production was not the Con A-induced IL-4 release was only slightly higher than found. IL-10, a known candidate for the down-regulation of the antigen-induced IL-4 release. The increase in IL-4 was Th1-mediated immunity38-41 was not detectable in LN or detectable in LN cell cultures and spleen cell cultures. Analysis spleen cell cultures. of mRNA expression indicated a similar increase in IL-4. Pre-
In the third hyperimmune model used in this study, i.e. exposure to UVB did not affect the level of IL-4 in the OVA-induced hypersensitivity, a sensitization protocol was supernatants of LN cell and spleen cell cultures. In contrast, used that induces, in particular, Th2-mediated immunity.25 In the level of IL-4 mRNA expression was suppressed in spleen our model, OVA-specific IgE was detectable and UVB precells from UVB pre-exposed animals in the case of Con A, exposure suppressed antibody levels by #40%. UVB exposure but not oxazolone-BSA, stimulation. Whether this may lead induced suppression of the Th2-dependent immunoglobulin, to a reduced level of IL-4 protein at a later time-point has not
IgE, was found earlier in a model for parasitic infections in yet been analysed.
rats.8 In a study by Araneo et al., OVA-specific antibodies IFN-c production, which is essential for CHS and DTH were measured in UVB exposed and non-exposed animals.21 responses, was significantly inhibited by pre-exposure to UVB They found suppressed IgG1 titres. In mice, IgG1 production in the oxazolone hypersensitivity model. This was true for LN is dependent on Th2 cells. IgG2a, an antibody subclass that cells as well as for spleen cells although this effect was more is dependent on Th1 cells, was also suppressed. IgE was not pronounced in LN cell cultures. Similar effects were seen on measured in that study. Thus, we can conclude that immuno-IFN-c mRNA expression.
globulin subclasses that are dependent on the activity of Th1 In the PCl CHS model, IL-12 and IL-10 were analysed in and Th2 cells are suppressed by UVB exposure. addition to IFN-c and IL-4. IL-10 was not detectable in this In the OVA model that was used in this study, IFN-c, study. This finding was supported by the lack of IL-10 product IL-4 and IL-10 were increased in the supernatants of Con by RT-PCR performed on cells from these cultures. IL-12
A-stimulated spleen cells from sensitized animals compared was increased in the supernatants of LN cell cultures from with non-sensitized animals. UVB pre-exposure did not inhibit sensitized animals. In spleen cell cultures this up-regulation of the IL-4 concentration. Thus, the decreased serum IgE level IL-12 was not found. These results confirm the data from the was not correlated with a decreased IL-4 production. This is oxazolone study and again demonstrate that contact sensitizsurprising because many studies indicate that IL-4 is associated ation can lead, next to the production of IFN-c, to the with IgE production. To conclude, the present study indicates that UVB exposure 
